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(57) Abstract 

A method for removing bile salts from a patient by ion exchange by administering to the patient a therapeutically effective amount 
of one or more highly crosslinked polymers characterized by a repeat unit having formula (1) or copolymer thereof, where n is an integer; 
R 1 is H or a Ci-Cs alkyl group; M is -C-Z-R72? or -Z^R 2 ; Z is O, NR 3 , S, or (CH 2 )m; m a 0-10; R 3 is H or a Ci-Cg alkyl group; and R 2 
is (a) or (b) where p = 0-10, and each R 4 , R 5 , R 6 , independently, is H, a Ci-Cs alkyl group, or an aryl group, the polymers being non-toxic 
and stable once ingested. 
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COMPOSITIONS AND PROCESS FOR REMOVING BILE SALTS 

Rank ground of the I nvention 
5 This invention relates to removing bile salts from 

a patient. 

Sequestering and removing bile salts (e.g., 
cholate, glycocholate, glycochenocholate, taurocholate, 
and deoxycholate salts) in a patient can be used to 

10 reduce the patient's cholesterol level. Ion exchange 
resins which, when ingested, remove bile salts via the 
digestive tract, have been used for this purpose. 
Removal of bile salts will cause the body to prepare more 
bile salts. Because the biological precursor to bile 

15 salt is cholesterol, the metabolism of cholesterol to 
make bile salts is accompanied by a simultaneous 
reduction in the cholesterol in the patient. 

Summary of the Invention 
In a first aspect, the invention features a method 

20 of removing bile salts from a patient by ion exchange 
that includes administering to the patient a 
therapeutically effective amount o3f one or more highly 
crosslinked polymers that are non-toxic and stable once 
ingested. The polymers are characterized by a repeat 

25 unit having the formula 

K 

or copolymer thereof, where n is an integer; R 1 is H or a 
Cj^-Cq alkyl group (which may be straight chain or 
branched, 
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substituted or unsubstituted, e.g., methyl); M is -C-Z-R 2 
or -z-R 2 ; z is o, NR 3 , S, or (CH 2 ) W ; m = o-iO; R 3 is H or 
a c x -C e alkyl group (which may be straight chain or 
5 branched, substituted or unsubstituted, e.g., methyl); 

and R 2 is ^ 

vhere p = 0-10, and each R 4 , R 5 , and R 6 , independently, is 
H, a C x -C & alkyl group (which may be straight chain or 

10 branched, substituted or unsubstituted, e.g., methyl), or 
an aryl group (e.g., having one or more rings and which 
may be substituted or unsubstituted, e.g., phenyl, 
naphthyl , imidazolyl , or pyridyl) . 

By "non-toxic" it is meant that when ingested in 

15 therapeutically effective amounts neither the polymers 

nor any ions released into the body upon ion exchange are 
harmful. Preferably, the ions released into the body are 
actually beneficial to the patient. Such is the case 
when, for example, the exchangeable ions are natural 

20 nutrients such as amino acids. 

By "stable" it is meant that when ingested in 
therapeutically effective amounts the polymers do not 
dissolve or otherwise decompose to form potentially 
harmful by-products, and remain substantially intact so 

25 that they can transport ions following ion exchange out 

of the body. 

In preferred embodiments, the polymer is 
crosslinked by means of a multifunctional crosslinking 
co-monomer, the co-monomer being present in an amount 
30 from about 1-25% (more preferably about 2.5-20%) by 
weight, based upon total monomer weight. 
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The polymer further preferably includes one or 
more hydrophobic co-monomers, e.g., styrene, vinyl 
naphthalene, ethyl vinylbenzene , N-alkyl and N-aryl 
derivatives of acrylamide and methacrylamide , alkyl and 
5 aryl acrylates, alkyl and aryl methacrylates , and 
f luorinated derivatives of any of these co-monomers 
(e.g., p-fluorostyrene, pentaf luor ostyr ene , 
hexaf luoroisopropylacrylate, hexaf luorobutylmethacrylate, 
or heptadecaf luorodecylmethacrylate) . The alkyl groups 

10 are preferably ^-C^ alkyl groups, and may be straight 
chain, branched, or cyclic (e.g., cyclohexyl) , and may 
further be substituted or unsubstituted . The aryl groups 
preferably have one or more rings and may be substituted 
or unsubstituted, e.g., phenyl, naphthyl, imidazolyl , or 

15 pyridyl. The polymer may also include one or more 
positively charged co-monomers, e.g., vinyl pyridine, 
dimethylaminomethyl styrene, or vinyl imidazole. 

One example of a preferred polymer is 
characterized by a repeat unit having the formula 

20 © t N (2) 

w 

or copolymer thereof. The polymer may further include, 
as a co-monomer, one or more of the following: n- 
butylmethacry lamide , hexaf luorobutylmethacrylate , 
heptadecaf luorodecylmethacrylate, styrene or f luorinated 
25 derivatives thereof, 2-vinyl naphthalene, 4-vinyl 
imidazole, vinyl pyridine, 
tr imethylammoniumethylmethacry late , or 
tr imethylammoniumethy lacrylate . 
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A second example of a preferred polymer is 
characterized by a repeat unit having the formula 

or copolymer thereof . The polymer may also include, as a 
5 co-monomer , one or more of the following: 

isopropylacrylamide, styrene or fluorinated derivatives 
thereof, hexaf luoroisopropylacrylate, and 
tr imethy lammoniumethy Imethacry late . 

A third example of a preferred polymer is 
10 characterized by a repeat unit having the formula 

-fc-CMj— C ~\ (4) 



or copolymer thereof. The polymer may also include, as a 
co-monomer, styrene or a fluorinated derivative thereof. 
A fourth example of a preferred polymer is 
15 characterized by a repeat unit having the formula 



or copolymer thereof 



\ ^ (5) 
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A fifth example of a preferred polymer is 
characterized by a repeat unit having the formula 

or copolymer thereof. 
5 A sixth example of a preferred polymer is 

characterized by a repeat unit having the formula 



(7) 



or copolymer thereof. The polymer may further include, 
as a co-monomer , ethyl vinylbenzene. 
10 A seventh example of a preferred polymer is 

characterized by a repeat unit having the formula 



(8) 



or copolymer thereof. 

The polymers may have fixed positive charges, or 

15 may have the capability of becoming charged upon 

ingestion at physiological pH. In the latter case, the 
charged ions also pick up negatively charged counterions 
upon ingestion that can be exchanged with bile salts. In 
the case of polymers having fixed positive charges, 

20 however, the polymer may be provided with one or more 
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exchangeable counter ions. Examples of suitable 
counter ions include Cl~, Br~, CH3OSO3-, HS0 4 ~, S0 4 2 ', HC0 3 ~ 
, CO3-, acetate, lactate, succinate, propionate, butyrate, 
ascorbate, citrate, maleate, folate, an amino acid 
5 derivative, a nucleotide, a lipid, or a phospholipid. 
The counter ions may be the same as, or different from, 
each other. For example, the polymer may contain two 
different types of counterions, both of which are 
exchanged for the bile salts being removed. More than 

10 one polymer, each having different counterions associated 
with the fixed charges, may be administered as well. 

The invention also features therapeutic 
compositions for removing bile salts that include a 
therapeutically effective amount of one or more of the 

15 above-described polymers. 

In another aspect, the invention features a highly 
crosslinked polymer composition that includes a polymer 
characterized by a repeat unit having the formula 



20 where R 1 is H or methyl, Q is -NH-(CH 2 ) 3 - or -0-(CH 2 ) 2 and 
n is an integer, and at least one additional co-monomer 
selected from the group consisting essentially of 
vinylnaphthalene, vinyl imidazole, fluorinated derivatives 
of styrene, and fluorinated alkyl methacrylates . 

25 in some preferred embodiments of this aspect, R 1 

is methyl and Q is -NH-(CH 2 ) 3 -. This polymer may further 
comprise, as a co-monomer, trimethylammoniumethylacrylate 
or trimethylammoniumethylmethacrylate. In other 
preferred embodiments, Q is -0-(CH 2 ) 2 . 
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Examples of suitable fluorinated styrene 



derivatives include p-f luorostyrene and 
pentaf luorostyrene. Examples of suitable fluorinated 
alkyl methacrylates include hexaf luorobutyl methacrylate 
5 and heptadecaf luorodecyl methacrylate. 



highly crosslinked polymer composition that includes a 
polymer characterized by a repeat unit having the formula 



lO where R 1 is H or methyl , Q is -NH-(CH 2 ) 3 - or -0-(CH 2 ) 2 an ^ 
n is an integer, and, as additional co-monomers, (a) 
styrene and (b) trimethylammoniumethylacrylate or 
trimethylammoniumethylmethacrylate when R 1 is methyl and 
Q is -NH-(CH 2 ) 3 -, and 

15 methylacrylamidopropyltrimethylammonium when R 1 is H or 
methyl and Q is -0-(CH 2 ) 2 . 



method of synthesizing a highly crosslinked polymer 
having hydrophilic and hydrophobic units that includes 
20 reacting hydrophilic and hydrophobic monomers in the 
presence of an alcoholic solvent. 



removing bile salts from a patient (and thereby reducing 
the patient's cholesterol level). The compositions are 
25 non-toxic and stable when ingested in therapeutically 
effective amounts. They are also tasteless (in the 
absence of added flavoring) and odorless, as well as 
being non-constipating and non-gritty (when measured 



In yet another aspect, the invention features a 




(10) 



In an additional aspect, the invention features a 



The invention provides an effective treatment for 
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relative to gels such as cholestyramine) such that 
irritation to the gastrointestinal tract upon ingestion 
is minimized. 

The invention further provides an effective 
5 synthesis for polymers having hydrophilic and hydrophobic 
units by conducting the reaction in the presence of an 
alcoholic solvent not normally considered a good 
polymerization solvent due to its chain transfer 
properties. 

10 Other features and advantages will be apparent 

from the following description of the preferred 
embodiments thereof and from the claims. 

Description of the Preferred Embodiments 
Compositions 

15 Preferred polymers have the formulae set 

forth in the Summary of the Invention, above. The 
polymers are highly crosslinked. The high level of 
crosslinking makes the polymers completely insoluble and 
thus limits their activity to the gastrointestinal tract 

20 only. Thus, the polymers are non-systemic in their 
activity and will lead to reduced side-effects in the 
patient. 

The polymers are preferably crosslinked by 
adding a crosslinking co-monomer to the reaction mixture 

25 during polymerization. Examples of suitable crosslinking 
co-monomers are diacrylates and dimethacrylates (e.g., 
ethylene glycol diacrylate, propylene glycol diacrylate, 
butylene glycol diacrylate, ethylene glycol 
dimethacrylate, propylene glycol dimethacry late , butylene 

30 glycol dimethacrylate, polyethyleneglycol dimethacrylate, 
polyethyleneglycol diacrylate) , methylene bisacrylamide, 
methylene bismethacrylamide, ethylene bisacrylamide, 
ethylenebismethacrylamide, ethylidene bisacrylamide, 
divinyl benzene, bisphenol A dimethacrylate, and 

35 bisphenol A diacrylate. These crosslinking monomers are 
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either commercially available or are prepared as 
described in Mandeville et al. , "Process for Adjusting 
Ion Concentration in a Patient and Compositions 
Therefor, - U.S. S.N. 08/065,113, filed May 20, 1993, 
5 assigned to the same assignee as the present application 
and hereby incorporated by reference. The amount of 
crosslinking co-monomer is typically between 1.0 and 25 
weight %, based upon combined weight of crosslinking co- 
monomer and monomer, with 2.5-20% being preferred. 

10 preferably, the polymer includes one or more co- 

monomers that increase the overall hydrophobicity of the 
polymer. Because bile salts are hydrophobic, the 
hydrophobic co-monomer aids in maximizing the selectivity 
of the interaction of the polymer with the bile salts. 

!5 Examples of suitable hydrophobic co-monomers 

include, e.g., acrylamide, methacrylamide, and N-alkyl 
(e.g., methyl, ethyl, isopropyl, butyl, hexyl, dodecyl, 
cyclohexyl, dicyclohexyl) and N-aryl (e.g., phenyl, 
diphenyl) derivatives thereof; alkyl and aryl acrylates 

20 and methacrylates (e.g., ethyl, propyl, butyl, dodecyl), 
and fluorinated derivatives thereof (e.g., 
hexaf luoroisopropyl acrylate, hexaf luorobutyl" 
methacrylate , heptadecaf luorodecyl acrylate); styrene 
and derivatives thereof (e.g., dimethylaminomethyl 

25 styrene and fluorinated derivatives, e.g., p- 

f luorostyrene, pentaf luorostyrene) ; ethylvinylbenzene; 
vinyl naphthalene; vinyl pyridine; and vinyl imidazole. 
The amount of hydrophobic co-monomer used in the 
preparation of these polymers is from 1 to 75% by weight, 

30 preferably from 3 to 65%. 

The level of hydrophobicity needed may also be 
achieved simply by appropriate choice of crosslinking co- 
monomer. For example, divinylbenzene is a suitable 
crosslinking co-monomer and is hydrophobic as well. In 

35 addition, the main "impurity" in divinylbenzene is 
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ethylvinylbenzene, a hydrophobic , polymer izable monomer 
which will also contribute to the overall hydrophobic ity 
of the polymer. Other hydrophobic cross linking co- 
monomers include bisphenol A diacrylate and bisphenol A 
5 dimethacrylate. 
Examples 

A. Polvmer Preparation 

1. Preparation of Poly 

(methacrylamidopropyltrimethylammonium 

10 chloride) f Po 1 yMAPTAC ) 

To a 1000 mL, three-necked flask, round-bottomed 
flask was added the following: 

methacry lamidopropyltrimethylammonium chloride (MAPTAC) 
(40 mL of a 50% aqueous solution, 21 g) , ethylene glycol 

15 dimethacrylate crosslinking co-monomer (5.00 g, 4.76 bL), 
ethyl acetate (200 mL) , and 2-propanol (200 mL) . The 
resulting solution was clear. Next, the polymerization 
initiator AIBN (0.1 g) was added and the reaction mixture 
was heated to 65 °C. When the temperature reached 65°C, 

20 the solution was degassed with nitrogen for 5 minutes, at 
which point it turned cloudy, indicating that 
polymerization was proceeding. The reaction was 
maintained at 65 °C for another 3 hours and then allowed 
to cool to room temperature. 

25 The resulting polymer (which was hard and sticky) 

was combined with 500 mL of water to soften it, and then 
transferred to a blender where it was blended with 15 0O 
mL of 2-propanol and centrifuged. The mixture was then 
decanted and transferred to another blender with the aid 

30 of 100 mL of water. 800 mL of 2-propanol was then added 
and the mixture was blended, allowed to settle, and 
decanted. The mixture was then combined with 1000 mL of 
2-propanol, blended, filtered, and vacuum-dried to afford 
12*6 g of polymer. 

35 PolyMAPTAC crosslinked with 0.5% 

methylenebismethacrylamide crosslinking co-monomer; 
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polyMAPTAC crossl inked with 10% 

methylenebismethacrylamide crosslinking co-monomer; and 
polyMAPTAC crosslinked with 10% divinylbenzene 
crosslinking co-monomer were prepared in analogous 

5 fashion. 

2. Preparation of Po lv fvinvlamine) 
The first step involved the preparation of 
ethylidenebisacetamide. Acetamide (118 g) , acetaldehyde 
(44.06 g) , copper acetate (0.2 g) , and water (300 mL) 

10 were placed in a 1 L three neck flask fitted with 
condenser, thermometer, and mechanical stirrer. 
Concentrated HCl (34 mL) was added and the mixture was 
heated to 45-50°C with stirring for 24 h. The water was 
then removed in vacuo to leave a thick sludge which 

15 formed crystals on cooling to 5°C. Acetone (200 mL) was 
added and stirred for a few minutes, after which the 
solid was filtered off and discarded. The acetone was 
cooled to 0»C and solid was filtered off. This solid was 
rinsed in 500 mL acetone and air dried 18 h to yield 31.5 

20 g of ethylidenebisacetamide. 

The next step involved the preparation of 
vinylacetamide from ethylidenebisacetamide. 
Ethylidenebisacetamide (31.05 g) , calcium carbonate (2 g) 
and celite 541 (2 g) were placed in a 500 mL three neck 

25 flask fitted with a thermometer, a mechanical stirrer, 

and a distilling head atop a Vigroux column. The mixture 
was vacuum distilled at 35 mm Hg by heating the pot to 
180-225°C. Only a single fraction was collected (10.8 g) 
which contained a large portion of acetamide in addition 

30 to the product (determined by NMR) . This solid product 
was dissolved in isopropanol (30 mL) to form the crude 
vinylacetamide solution used for polymerization. 

Crude vinylacetamide solution (15 mL) , 
divinylbenzene (1 g, technical grade, 55% pure, mixed 

35 isomers), and AIBN (0.3 g) were mixed and heated to 
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reflux under a nitrogen atmosphere for 90 min, forming a 
solid precipitate. The solution was cooled, isopropanol 
(50 mL) was added, and the solid was collected by 
centrifugation. The solid was rinsed twice in 
5 isopropanol, once in water, and dried in a vacuum oven to 
yield 0.8 g of poly (vinylacetamide) , which was used to 
prepare poly (vinylamine as follows) . 

Poly (vinylacetamide) (0.79 g) was placed in a 100 
mL one neck flask containing water (25 mL) and cone. HC1 

10 (25 mL) . The mixture was refluxed for 5 days, after 
which the solid was filtered off, rinsed once in water, 
twice in isopropanol, and dried in a vacuum oven to yield 
0.77 g of product. Infrared spectroscopy indicated that 
a significant amount of the amide (1656 cm" 1 ) remained and 

15 that not much amine (1606 cm" 1 ) was formed. The product 
of this reaction (-0.84 g) was suspended in NaOH (46 g) 
and water (46 g) and heated to boiling (~140°C) . Due to 
foaming the temperature was reduced and maintained at 
~100°C for 2 h. Water (100 mL) was added and the solid 

20 collected by filtration. After rinsing once in water the 
solid was suspended in water (500 mL) and adjusted to pH 
5 with acetic acid. The solid was again filtered off, 
rinsed with water, then isopropanol, and dried in a 
vacuum oven to yield 0.51 g of product. Infrared 

25 spectroscopy indicated that significant amine had been 
formed. 

3. Preparation of 

Polvf 3-dimethvlaminopropvlacrylamide) fDMAPA) 

Dimethylaminopropylacrylamide (10 g) and 
30 methylenebisacrylamide crosslinking co-monomer (1.1 g) 
were dissolved in 50 mL of water in a 100 mL three neck 
flask. The solution was stirred under nitrogen for 10 
minutes. Potassium persulfate (0.3 g) and sodium 
metabisulf ite (0.3 g) were each dissolved in 2-3 mL of 
35 water and then mixed. After a few seconds this solution 
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was added to the monomer solution, still under nitrogen. 
A gel formed immediately and was allowed to sit 
overnight. The gel was removed and blended with 500 mL 
of isopropanol. The solid was filtered off and rinsed 
5 three times with acetone. The solid white powder was 
filtered off and dried in a vacuum oven to yield 6.1 g. 

4 . Preparation of 

Poly (dimethylaminopropylacrylamide 
hydrochloride) fDMAPA-HCl) 

10 Dimethylaminopropylacrylamide (20.10 g) was 

dissolved in water (100 mL) and neutralized with 
concentrated HC1 to pH 6.95. Methylenebisacrylamide 
crosslinking co-monomer (2.2 g) and water (100 mL) were 
added and warmed (34 °C) to dissolve. Potassium 

15 persulfate (0.2 g) and potassium metabisulf ite (0.2 g) 
were added with stirring. After gellation, the solution 
was allowed to sit for 6 h, blended with isopropanol (600 
mL) three times , and dried in a vacuum oven to yield 
14.47 g of the title polymer. 

20 PolyDMAPA* HC1 crosslinked with 10% 

methylenebismethacrylamide crosslinking co-monomer was 
prepared in analogous fashion. 

5. Preparation of 

Poly ( dimethy laminopropy lmethacry 1 amide 
25 hydrochloride! (DMAPMA-HCU 

Dimethylaminopropylmethacrylamide (20.0 g) was 
dissolved in water (100 mL) and neutralized with 
concentrated HC1 to pH 6.94. Methylenebisacrylamide 
crosslinking co-monomer (2.2 g) was added and the 

30 solution was warmed (39°C) to dissolve. Potassium 

persulfate (0.3 g) and potassium metabisulf ite (0.3 g) 
were added with stirring under a nitrogen atmosphere. 
After gellation , the solution was allowed to sit 
overnight, blended with isopropanol (500 mL) twice, and 

35 dried in a vacuum oven to yield 27.65 g of product. Some 
of the solid (3.2 g; sieved to 
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-80/+2 00 mesh size) was stirred in water (100 nL) for 50 

min, additional water (100 mL) was added and the solution 

stirred for 36 min. The solid was collected by 

centrifugation, resuspended in water (400 mL) , stirred 

5 150 min, and again collected by centrifugation. The 

solid was finally resuspended in water (500 mL) , stirred 

90 min, and collected by filtration. The solid was dried 

in a vacuum oven to yield 0.28 g of the title polymer. 

6. Preparation of 
10 Poly (methacry lamidopropyltr imethylammonium 

chloride) co-poly (n-butylmethacrylamide) 
(MAPTAC CO-BuMA) ; 

The co-monomer n-butylmethacryl amide (BuMA) was 
prepared as follows. 

15 Methacry loyl chloride (48.4mL, 52. 3g, O.SOOmol) 

was dissolved in tetrahydrofuran (3 00 mL) in a 1 L flask 
and placed in an ice bath. A solution containing 
butylamine (36.6 g) and triethylamine (55.6 g) was added 
dropwise, maintaining the temperature at 5-15 °C. After 

20 addition the solution was stirred for 5 min and the solid 
triethylamine hydrochloride was filtered off and 
discarded* The solvent was removed in vacuo from the 
mother liquor and the resulting yellow oil was used 
without further purification. The yield was 71.58g of 

25 BuMA co-monomer. 

To a 1000 mL, three-necked flask, round-bottomed 
flask was added the following: 

methacry lamidopropyltr imethylammonium chloride (MAPTAC) 
(108 mL of a 50% aqueous solution, 56.8 g) , ethylene 

30 glycol dimethacrylate crosslinking co-monomer (19.62 g) , 
BuMA co-monomer (12.12g), and 2-propanol (850 mL) . The 
resulting solution was clear. Next, the reaction mixture 
was heated to 40°C while being degassed with nitrogen. 
When the solution had reached 40°C, the catalyst, 

35 consisting of a solution of potassium persulfate (0.75g) 
and potassium metabisulf ate (0.75g) in 25mL of water was 
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added. The solution immediately began to turn cloudy, 
indicating that polymerization was proceeding. The 
reaction was maintained at 40 °C for 24 hours and then 
allowed to cool to room temperature. 
5 The resulting polymer was filtered and washed on 

the funnel with isopropanol and vacuum dried to afford 
64.54 g of the title polymer. 

Polymer for testing was washed two times with 
800mL of water each time, followed by two washes with 500 
10 ml* of methanol each time to give 34.5 g of purified 
polymer. 

A crosslinked MAPTAC co-BuMA copolymer was also 
prepared using propylene glycol dimethacrylate, rather 
than ethylene glycol dimethacry late , as the crosslinking 
15 co-monomer, as follows. 

To a 1000 mL, three-necked flask, round-bottomed 
flask was added the following: 

methacrylamidopropyltrimethyletmmonium chloride (MAPTAC) 
(60 mL of a 50% aqueous solution, 31.5 g) , propylene 

20 glycol dimethacrylate crosslinking co-monomer (9.81 g) , 
BuMA co-monomer (6.06g), and 2-propanol (300 mL) . The 
resulting solution was clear. Next, the reaction mixture 
was heated to 70 °C while being degassed with nitrogen. 
When the solution had reached 70°C, the catalyst, AXBN 

25 (0.50g), was added. The solution immediately began to 
turn cloudy, indicating that polymerization was 
proceeding. The reaction was maintained at 70 °C for 6 
hours and then allowed to cool to room temperature. 

The resulting polymer was filtered and washed on 

30 the funnel with isopropanol and vacuum dried to afford 
23.3 g of polymer. 

MAPTAC coBuMA (5%) crosslinked with 24% 
ethyleneglycoldimethacrylate crosslinking co-monomer, 
MAPTAC coBuMA (2)%) crosslinked with 0.5% 

35 methylenebismethacrylamide crosslinking co-monomer, and 
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MAPTAC coBuMA (14%) cross linked with 22% 

propyleneglycoldimethacrylate crosslinking co-monomer 

were prepared in analogous fashion by adjusting the 

ratios of starting monomers, 

5 7. Preparation of 

Poly (methacrylamidopropyltrimethylammonium 
chloride) co-polvf styrenel (MAPTAC co-Stv) 

To a 1000 mL, three-necked flask r round-bottomed 

fla&K was added the following: 

10 methacrylamidopropyltrimethyl-ammonium chloride (MAPTAC) 
(60 mL of a 50% aqueous solution, 31.5 g) , divinyl 
benzene crosslinking co-monomer (2.00 g) , styrene co- 
monomer (l.75g), and 2-propanol (300 mL) . The resulting 
solution was clear. Next, the reaction mixture was 

15 heated to 60 °C while being degassed with nitrogen. When 
the solution had reached 60 °C, the catalyst, AIBN 
(0.50g), was added. The solution immediately began to 
turn cloudy, indicating that polymerization was 
proceeding. The reaction was maintained at 60 °C for 24 

20 hours and then allowed to cool to room temperature. 

After about 7 hours the mixture had become very thick and 
100 mL additional isopropanol was added to allow for 
better stirring. 

The resulting polymer was filtered and washed on 

25 the funnel with isopropanol and vacuum dried to afford 
30.9 g of the title polymer. 

Polymer for testing was washed two times with 1000 
mL of water each time followed by two washes with 800 mL 
of methanol each time to give 28.0 g of purified polymer. 

30 MAPTAC co-Sty (13%) crosslinked with 7.5% 

butyleneglycoldimethacrylate crosslinking co-monomer, 
MAPTAC co-Sty (13%) crosslinked with 20% 
butyleneglycoldimethacrylate crosslinking co-monomer, 
MAPTAC co-Sty (19%) crosslinked with 6% divinylbenzene 

35 co-monomer, MAPTAC co-Sty (23%) crosslinked with 7% 
divinylbenzene co-monomer, MAPTAC co-Sty (30%) 
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crosslinked with 6% divinylbenzene co-monomer, and MAPTAC 
co-Sty (38%) crosslinked with 6% divinylbenzene co- 
monomer were prepared in analogous fashion by varying the 
ratios of starting monomers, 

5 8, Preparation of 

Poly (methacrylamidopropyltrimethylammonium 
chloride) co-poly (vinyl naphthalene) (MAPTAC 
co-VN) 

To a 1000 mli f three-necked, round-bottomed flask 

10 was added the following: 

methacrylamidopropyltrimethylammonioam chloride (MAPTAC) 
(40 mL of a 50% aqueous solution, 21.0 g) , divinyl 
benzene crosslinking co-monomer (2.25 g) , 2- 
vinylnaphthalene co-monomer (10.5 g) , and 2-propanol (32 0 

15 mL) . The resulting solution was clear. Next, the 

reaction mixture was heated to 65 °C while being degassed 
with nitrogen. When the solution had reached 65 °C, the 
catalyst, AIBN (0.50g), was added. The solution 
immediately began to turn cloudy, indicating that 

2 0 polymerization was proceeding. The reaction was 

maintained at 65 °C for 20 hours and then allowed to cool 
to room temperature. 

The resulting polymer was filtered and washed on 
the funnel with isopropanol and then immediately slurried 
25 in 400 mL of distilled water. The mixture was stirred 
for 1/2 hour and then filtered. The water wash was 
repeated one more time. The filter cake was then 
slurried in 400 mL of methanol and stirred for 1/2 hour. 
The mixture was filtered and the methanol slurry was 

3 0 repeated one more time. Vacuum drying afforded 22.11 g, 

65.5% of the title polymer. 

MAPTAC co-VN (39%) crosslinked with 5% divinyl 
benzene crosslinking co-monomer was prepared in analogous 
fashion by varying the ratio of starting monomers. 
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9. Preparation of 

Poly (methacrylamidopropyltrimethylammonium 
chloride) co-poly (1-vinyl imidazole) (MAPTAC 

co-VP 

5 To a 1000 mL, three-necked, round-bottomed flask 

was added the following: 

methacrylamidopropyltrimethylammoniiim chloride (MAPTAC) 
(40 mL of a 50% aqueous solution, 21.0 g) , divinyl 
benzene crosslinking co-monomer (2.25 g) , 1- 

10 vinylimidazole co-monomer (12.54 g) , and 2-propanol (300 
mL) . The resulting solution was clear. Next, the 
reaction mixture was heated to 65 °C while being degassed 
with nitrogen. When the solution had reached 65°C, the 
catalyst, AIBN (0.50g) , was added. The solution 

15 immediately began to turn cloudy, indicating that 
polymerization was proceeding. The reaction was 
maintained at 65 °C for 20 hours and then allowed to cool 
to room temper ature. 

The resulting polymer was filtered and washed on 

20 the funnel with isopropanol, and then immediately 

slurried in 500 mL of distilled water. The mixture was 
stirred for 1/2 hour and then filtered. The water wash 
was repeated one more tinie. The filter cake was then 
slurried in 400 mL of methanol and stirred for 1/2 houxr. 

25 The mixture was filtered and the methanol slurry was 

repeated one more time. Vacuum drying afforded 7.34 g, 
20.5% of the title polymer. 

10. Preparation of 
Poly(trimethylammoniumethylacrylatechloride) 

30 co-polvfstvrenel (TMAE AC co-Stv) 

To a 1000 mL, three-necked, round-bottomed flask 
was added the following: 

trimethylammoniumethylacrylatechloride (TMAEAC) (99.4 mL 
of a 50% aqueous solution, 53.0 g) , divinyl benzene 
35 crosslinking co-monomer (7.00 g) , styrene co-monomer 
(40.0 g) , and 2-propanol (800 mL) . The resulting 
solution was clear. Next, the reaction mixture was 
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heated to 65 °C while being degassed with nitrogen. When 
the solution had reached 65*0, the catalyst, AIBN 
(1.50g), was added- The solution immediately began to 
turn cloudy, indicating that polymerization was 
5 proceeding. The reaction was maintained at 65 °C for 6 
hours, then cooled to 60 °C and stirred for an additional 
18 hours. It was then allowed to cool to room 
temperature . 

The resulting polymer was filtered and washed on 

10 the funnel with isopropanol, and then immediately 

slurried in 1000 mL of distilled water. The mixture was 
stirred for 1/2 hour and then 800 mL of methanol was 
added and the mixture was stirred for an additional 1/2 
hour. The mixture was allowed to settle and the 

15 supernatant liquid was decanted, leaving a residue of 
about 750 mL. The residue was then slurried with an 
additional 750 mL of methanol and stirred for 1/2 hour. 
The methanol slurry and decantation process was repeated 
two more times with 800 mL of methanol each time. Next, 

20 800 mL of isopropanol was added and the mixture was 

stirred for 1/2 hour and then filtered. Finally, 600 mL 
of isopropanol was added and the mixture was stirred for 
1/2 hour. Filtration and vacuum drying afforded 49.2 g, 
49.2% of the title polymer. 

25 TMAEAC co-Sty (31%) crosslinked with 8% 

divinylbenzene crosslinking co-monomer and TMAEAC co-Sty 
(46%) crosslinked with 6% divinylbenzene crosslinking co- 
monomer were prepared in analogous fashion by varying the 
ratio of starting monomers. 

30 11. Preparation of 

Poly (trimethylammoniumethylmethacrylate- 
chloride co-polvfstvrene) (TMAEMC co-Sty) 



35 



To a 1000 mL, three-necked, round-bottomed flask 
was added the following: 

trimethylammoniumethylmethacrylatechloride (TMAEMAC) 



WO 94/27620 



PCT/US94/06042^ 



- 20 - 

(38.8 mL of a 50% aqueous solution, 21.7 g) , divinyl 
benzene crosslinking co-monomer (3.72 g) , styrene co- 
monomer (15.66 g) # and 2-propanol (2500 mL) . The 
resulting solution was clear. Next, the reaction mixture 
5 was heated to 65 °C while being degassed with nitrogen. 
When the solution had reached 65 °C, the catalyst, AIBN 
(0,50g), was added. The solution immediately began to 
turn cloudy, indicating that polymerization was 
proceeding. After two hours, the mixture became very 

10 thick and an additional 100 mL of isopropanol was added. 
After five hours the mixture was again very thick so an 
additional 100 mL of isopropanol was added. The reaction 
was maintained at 65°C for 6 hours, and then allowed to 
cool to room temperature. 

15 The resulting polymer was filtered and washed on 

the funnel with isopropanol, and then immediately 
slurried in 1000 mL of distilled water. The mixture was 
stirred for 1/2 hour and then transf erred to a blender 
and blended for five minutes. The polymer slurry was 

20 filtered and 1000 mL of distilled water was added and the 
mixture was stirred for 1/2 hour. The mixture was 
filtered and the filter cake was slurried two times in 
500 mL of methanol each time. Filtration and vacuum 
drying afforded 30.2 g, 75.9% of the title polymer. 

25 TMAEMC co-Sty (58%) crosslinked with 4% 

divinylbenzene crosslinking co-monomer, TMAEMC co-Sty 
(33%) crosslinked with 4% divinylbenzene crosslinking co- 
monomer, and TMAEMC co-Sty (24%) crosslinked with 4% 
divinylbenzene crosslinking co-monomer were prepared in 

30 analogous fashion by varying the ratio of starting 
monomers . 

12. Preparation of Poly (methacry lamidopropy 1-3- 

(trimethylammonium chloride, co-poly 2, 3, 4, 
5. 6-pentafluoros tvrene (MAPTAC co-StvF c l 

35 To a 1000 mL, three-necked flask, round-bottomed 

flask was added the following: (methacry lamidopropy 1-3- 
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(trimethylammonium) chloride (MAPTAC) (24.5 mL of a 50% 
aqueous solution, 13.00 g) , divinylbenzene crosslinking 
co-monomer (1.00 g) , pentaf luorostyrene (6.00 g) , 2- 
propanol (150 mL) , and AIBN (0.50g). The resulting 
5 solution was clear. Next, the reaction mixture was 

heated to 65 °C while being degassed with nitrogen. After 
a short period of time, the solution began to turn 
cloudy, indicating that polymerization was proceeding. 
After five hours the mixture was very thick so an 

10 additional 100 mL of isopropanol was added. The reaction 
was maintained at 65 °C for 24 hours, and then allowed to 
cool to room temperature. 

The resulting polymer was filtered and washed on 
the funnel with isopropanol and immediately slurried in 

15 500 mL of distilled water. The mixture was stirred for 
1/2 hour. The polymer slurry was filtered and 500 mL of 
distilled water was added and the mixture was stirred for 
1/2 hour. The mixture was filtered and the filter cake 
was slurried two times in 300 mL of methanol each time. 

20 Filtration and air drying afforded 7.74 g of the title 
co-polymer. 

MAPTAC co-StyF 5 (20%) crosslinked with 5% 
divinylbenzene crosslinking co-monomer, MAPTAC co-StyF 5 
(40%) crosslinked with 5% divinylbenzene crosslinking co- 

25 monomer, and MAPTAC co-StyF 5 (45%) crosslinked with 5% 
divinylbenzene crosslinking co-monomer were prepared in 
analogous fashion by varying the ratio of starting 
monomers . 

13. Preparation of poly (methacry lamidopropy 1-3- 
30 (trimethylammonium) chloride, co-poly 2- 

(trimethylammonium) ethyl methacrylate 
chloride, co-styrene (MAPTAC co-TMAEMC co- 
Sty) 

To a 1000 mL, three-necked flask, round-bottomed 
3 5 flask was added the following: ( methacry lamidopropy 1-3- 
(trimethylammonium) chloride (MAPTAC) (10-40 g of a 50% 
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aqueous solution, 5.20 g) , 2- (trimethylammonium) ethyl 
methacrylate chloride (TMAEMC) (4.86 g of a 70% aqueous 
solution, 3.40 g) divinylbenzene crosslinking co-monomer 
(1.00 g) f styrene (10.40 g) , 2-propanol (150 mL) , and 
5 AIBN (0.50 g) . The resulting solution was clear. Next, 
the reaction mixture was heated to 70°C while being 
degassed with nitrogen. After a short period of time, 
the solution began to turn cloudy, indicating that 
polymerization was proceeding. The reaction was 

10 maintained at 70 °C for 24 hours, and then allowed to cool 
to room temperature. 

The resulting polymer was filtered and washed on 
the funnel with isopropanol and immediately slurried in 
500 mL of methanol. The mixture was stirred for 1/2 

15 hour. The polymer slurry was filtered and 4 00 mL of 

distilled water was added and the mixture was stirred for 
1/2 hour. The mixture was filtered and the water slurry 
was repeated. The mixture was filtered and the filter 
cake was slurried two times in 400 mL of methanol each 

20 time. Filtration and air drying afforded 5.39 g of the 
title co-polymer. 

MAPTAC co— TMAEMC (34%) co-Sty (36%) crosslinked 
with 5% divinylbenzene crosslinking co-monomer, MAPTAC 
co-TMAEMC (31%) co-Sty (41%) crosslinked with 5% 

25 divinylbenzene crosslinking co-monomer r MAPTAC co-TMAEMC 
(28%) co-Sty (46%) crosslinked with 5% divinylbenzene 
crosslinking co-monomer, MAPTAC co-TMAEMC (23%) co-Sty 
(48%) crosslinked with 5% divinylbenzene crosslinking co- 
monomer, MAPTAC co-TMAEMC (26%) co-Sty (52%) crosslinked 

30 with 4% divinylbenzene crosslinking co-monomer, MAPTAC 
co-TMAEMC (17%) co-Sty (53%) crosslinked with 4% 
divinylbenzene crosslinking co-monomer, MAPTAC co-TMAEMC 
(15%) co-Sty (55%) crosslinked with 4% divinylbenzene 
crosslinking co-monomer, and MAPTAC co-TMAEMC (13%) co- 

35 Sty (61.5%) crosslinked with 4% divinylbenzene 
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crosslinking co-monomer were prepared in analogous 

fashion by varying the ratio of starting monomers. 

14. Preparation of 

Po ly ( t r ime thy 1 ammon iume thy line tha cr y late- 
5 chloride co-poly (isopropylacrylamide) 

fTMAKMAC co-IPA) . 

The co-monomer isopropylacrylamide (IPA) was first 
prepared as follows. 

Acryloyl chloride (63 mL, 70.2 g, 0.775 mol) was 

10 dissolved in tetrahydrof uran (200 mL) in a 1 L flask and 
placed in an ice bath* A solution containing 
isopropylamine (127.7 mL, 88.67 g, 1.50 mol) was added 
dropwise, maintaining the temperature at 5-15 °C. After 
addition the solution was stirred for 10 min and the 

15 solid isopropylamine hydrochloride was filtered off and 
discarded. The solvent was removed in vacuo from the 
mother liquor and the resulting almost colorless oil, 
which solidified on standing, was used without further 
purification to prepare the title co-polymer as follows. 

20 To a 1000 mL, three-necked flask, round-bottomed 

flask was added the following: 

trimethylammoniumethylacrylate chloride (76.5 mL of a 50% 
aqueous solution, 41.18 g, 0.213 mol), methylene bis 
acrylamide crosslinking co-monomer (2.4 0 g) , IPA co- 

25 monomer (4.52 g, 0.070 mol), and water (200 mL) . The 
resulting solution was clear. The reaction mixture was 
stirred while being degassed with nitrogen. When the 
solution had been degassed, the catalyst, consisting of 
potassium persulfate (0.3 g) and potassium metabisulfate 

30 (0.3 g) was added. The polymerization initiated after 2 
minutes and gelled after 3 minutes. 

The next morning the gel was transferred to a 
blender and 1000 mL of water was added. After blending 
for a few seconds, the polymer had swelled to take up all 

35 of the water. The swollen polymer was blended in several 
portions with isopropanol several times to dehydrate it. 
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The resulting polymer was filtered and washed on the 
funnel with isopropanol and vacuum dried to afford 36.8 g 
of the title co-polymer. 

15. Preparation of 

5 Poly (methacrylamidopropyltrimethylammonium- 

chloride) co-polvf vinyl pyridine) fMAPTAC co-VP) 

To a 1000 mL, three-necked flask, round-bottomed 
flask was added the following: (methacrylamidopropyl-3— 

10 (trimethylammonium) chloride (MAPTAC) (40 mL of a 50% 
aqueous solution, 21.0 g) , di vinyl benzene crosslinking 
co-monomer (2.25 g) , vinyl pyridine (14*0 g, 0.133 mol) , 
cone, hydrochloric acid (11 mL, 0.133 mol), 2-propanol 
(300 mL) , and AIBN (0.67 g) . The resulting solution was 

15 clear. Next, the reaction mixture was heated to 60 °C 

while being degassed with nitrogen. After a short period 
of time, the solution began to turn cloudy, indicating 
that polymerization was proceeding. The reaction was 
maintained at 60°C for 20 hours, and then allowed to cool 

20 to room temperature. 

The resulting polymer was filtered and washed on the 
funnel with isopropanol and immediately slurried in 1000 
mL of distilled water. The mixture was stirred for 1 
hour. The polymer slurry was filtered, washed on the 

25 funnel with methanol, and then slurried in 600 mL of 
methanol for one hour. Filtration and air drying 
afforded 20.4 g of co-polymer. 

16. Preparation of 

Poly ( tr imethy lammoniumethy lmethacry late- 
30 chloride co-poly (p-f luorostyrene) 

fTMAEMC co-F x Sty) 

To a 500 mL flask was added the following: 
trimethylammoniumethylmethacrylate chloride (TMAEMC) 
(11.0 g of a 70% aqueous solution, 7.70 g) , 
35 divinylbenzene crosslinking co-monomer (0.50 g) , p- 

f luorostyrene co-monomer (4.00 g) , 2-propanol (125 mL) 
and AIBN (0.25 g) . The resulting solution was clear. 
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Next, the reaction mixture was heated to 65 °C while being 
degassed with nitrogen. The solution immediately began 
to turn cloudy, indicating that polymerization was 
proceeding. The reaction was maintained at 65 °C for 6 
5 hours, and then allowed to cool to room temperature. 

The solvent was removed by decantation and the 
polymer was immediately slurried in 250 mL of distilled 
water. The mixture was stirred for 1/2 hour and then 
decanted. The water slurry was repeated three more 

10 times. Finally, the polymer was slurried in 400 mL of 
methanol. Filtration and vacuum drying afforded 5.42 g, 
44.4% of the title co-polymer. 

TMAEMC co— F x Sty (24%) cross linked with 4% 
divinylbenzene crosslinking co-monomer was prepared in 

15 analogous fashion by varying the ratio of the starting 

monomers . 

17. Preparation of 

Poly (methacry lamidopropyltr imethy 1 ammonium 
chloride) co-poly (hexaf luorobutyl 
20 methacrvlate) fMAPTAC coF 6 BMAl 

To a 1000 mL, three-necked flask, round -bottomed 
flask was added the following: (methacrylamidopropyl-3- 
(trimethylammonium) chloride (MAPTAC) (28.5 mL of a 50% 
aqueous solution, 15.0 g) , divinylbenzene crosslinking 

25 co-monomer (1.00 g) , hexaf luorobutyl methacrylate (4.00 
g) , 2-propanol (150 mL) , and AIBN (0.50 g) . The 
resulting solution was clear. Next, the reaction mixture 
was heated to 60 °C while being degassed with nitrogen. 
After a short period of time, the solution began to turn 

30 cloudy, indicating that polymerization was proceeding. 
The reaction was maintained at 60 °C for 24 hours, and 
then allowed to cool to room temperature. 

The resulting polymer was filtered and washed on the 
funnel with isopropanol and immediately slurried in 500 

35 mL of distilled water. The mixture was stirred for 1 
hour. The polymer slurry was filtered and the water 
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slurry was repeated one more time. The polymer was then 
slurried in 500 mL of methanol for one hour and filtered. 
The methanol slurry was repeated one more time. Finally 
the polymer was slurried in 400 mL of isopropanol and 
5 stirred overnight. Filtration and air drying afforded 
7.52 g of the title co-polymer. 

18. Preparation of 

Poly ( tr imethylammoniumethy lacrylate chloride ) 
co-poly (hexaf luoroisopropyl aery late) 
10 (TMAEAC CQ-FelAJ ; 

To a 1000 mL, three-necked flask f round-bottomed 
flask was added the following: 

trimethylammoniumethylacrylate chloride (30.0 mL of a 50% 
aqueous solution, 15.0 g) , divinylbenzene crosslinJcing 

15 co-monomer (1.00 g) , F 6 IPA co-monomer (4.00 g) , AIBN 
(0.50 g), and isopropanol (150 mL) • The resulting 
solution was clear. The reaction mixture was stirred 
while being degassed with nitrogen and heated to 60 °C. 
After 18 hours the reaction mixture was allowed to cool 

20 to room temperature and the solvent was removed by 

decanting. The residual polymer was slurried in 400 mL 
of water, stirred for one hour and filtered. _The water 
slurry was repeated one more time. Next the polymer was 
slurried two times in methanol. Finally, the polymer was 

25 slurried in 200 mL of isopropanol, stirred for two hours 
and filtered. Air drying afforded 5.59 g of the title 
polymer. 

19. Preparation of 

Poly (methacrylamidopropyltrimethyl ammonium 
3 0 chloride ) co-poly (heptadecaf luorodecyl 

methacrvlatel (MAPTAC coF 17 DecMA) 

To a 1000 mL, three-necked flask, round-bottomed 
flask was added the following: (methacrylamidopropyl-3- 
(trimethylammonium) chloride (MAPTAC) (28.5 mL of a 50% 
35 aqueous solution, 15.0 g) , divinylbenzene crosslinking 
co-monomer (1.00 g) , heptadecaf luorodecyl methacrylate 
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(4.00 g) , 2-propanol (150 mL) , and AIBN (0.40 g) . The 
resulting solution was clear. Next, the reaction mixture 
was heated to 65 °C while being degassed with nitrogen. 
After a short period of time, the solution began to turn 
5 cloudy, indicating that polymerization was proceeding. 
After four hours, the reaction mixture had gotten very 
thick and 100 mL more isopropanol was added. The 
reaction was maintained at 65 °C for 18 hours, and then 
allowed to cool to room temperature. 

10 The resulting polymer was filtered and washed on the 

funnel with isopropanol and immediately slurried in 600 
ttiTi of distilled water. The mixture was stirred for 1 
hour. The polymer slurry was filtered and the water 
slurry was repeated one more time. The polymer was then 

15 slurried in 500 mL of methanol for one hour and filtered. 

Air drying afforded 17.73 g of co-polymer. 

20. Preparation of poly (methacrylamidopropy 1-3- 
(trimethylammonium) chloride, co-poly 2- 
( trimethylammonium) ethyl aery late chloride, 
20 co-polv stvrene fMAPTAC c o-TMAEAC co-Stv) 

To a 1000 mL, three-necked flask, round-bottomed 
flask was added the following: (methacrylamidopropy 1-3- 
(trimethylammonium) chloride (MAPTAC) (10.00 g of a 50% 
aqueous solution, 5.00 g) , 2- (trimethylammonium) ethyl 

25 methacrylate chloride (TMAEAC) ( 6.00 g of a 50% aqueous 
solution, 3.00 g) divinylbenzene crosslinking co-monomer 
(1.00 g) , styrene (11.00 g) , 2-propanol (150 mL) , and 
AIBN (0.25g). The resulting solution was clear. Next, 
the reaction mixture was heated to 70 °C while being 

30 degassed with nitrogen. After a short period of time, 
the solution began to turn cloudy, indicating that 
polymerization was. proceeding. The reaction was 
maintained at 70°C for 24 hours, and then allowed to cool 
to room temperature. 

35 The resulting polymer was filtered and washed on the 

funnel with isopropanol and immediately slurried in 500 
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mL of methanol. The mixture was stirred for 1/2 hour . 
The polymer slurry was allowed to settle and decanted. 
200 mL of distilled water was added and the mixture was 
stirred for 1/2 hour. The mixture was decanted and the 
5 water slurry was repeated with 400 mL. The mixture was 
decanted and the polymer was slurried two times in 200 mL 
of methanol each time. Filtration and air drying 
afforded 2.76 g of the title co-polymer. 

MAPTAC co-TMAEAC (10%) co-Sty (60%) crosslinked with 
10 5% divinylbenzene crosslinking co-monomer was prepared in 
analogous fashion by varying the ratio of starting 
monomers. 

21. Preparation of poly-2-) trimethylammonium) ethyl 
aery late chloride co-poly 2,3,4,5,6- 
15 pentafluo rostvrene (TMAEAC co-StyF c j 

To a 1000 mL, three-necked flask, round-bottomed 
flask was added the following: 2- (trimethylammonium) 
ethyl acrylate chloride (TMAEAC) (24.0 mL of a 50% 
aqueous solution, 13.00 g) , divinylbenzene crosslinking 

20 co-monomer (1.00 g) , pentaf luorostyrene (6.00 g) , 2- 
propanol (150 mL) , and AIBN (0.50g) . The resulting 
solution was clear. Next, the reaction mixture was 
heated to 65 °C while being degassed with nitrogen. After 
a short period of time, the solution began to turn 

25 cloudy , indicating that polymerization was proceeding. 
After two hours the mixture was very thick so an 
additional 100 mL of isopropanol was added. The reaction 
was maintained at 65 °C for 22 hours, and then allowed to 
cool to room temperature. 

30 The resulting polymer was filtered and washed on the 

funnel with isopropanol and immediately slurried in 400 
mL of distilled water. The mixture was stirred for 1/2 
hour. The polymer slurry was filtered and 600 mL of 
distilled water was added and the mixture was stirred for 

35 1/2 hour. The mixture was filtered and the filter cake 
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was slurried in 400 mL of methanol. Filtration and air 
drying afforded 7.26 g of the title co-polymer. 

TMAEAC co-StyF 5 (20%) crosslinked with 5% 
divinylbenzene crosslinking co-monomer was prepared in 
5 analogous fashion by varying the ratio of starting 
monomers . 

22. Preparation of 2- (trimethyl ammonium) ethyl 
methacry late chloride , co-poly 2,3,4,5,6- 
pentafluorostvrenp f TMAEMC co-StvFc) 

10 To a 1000 mL, three-necked flask, round-bottomed 

flask was added the following: 2- (trimethylammonium) 
ethyl methacry late chloride (TMAEMC) (19.52 of a 70% 
aqueous solution, 13.66 g) , divinylbenzene crosslinking 
co-monomer (1.00 g) , pentaf luorostyrene (9.18 g) , 2- 

15 propanol (150 mL) , and AIBN (0.40g) . The resulting 
solution was clear. Next, the reaction mixture was 
heated to 70°C while being degassed with nitrogen. After 
a short period of time, the solution began to turn 
cloudy, indicating that polymerization was proceeding. 

20 After 1.5 hours the mixture was very thick so an 

additional 50 mL of isopropanol was added. The reaction 
was maintained at 70 °C for 5 hours', arid then allowed to 
cool to room temperature. 

The resulting polymer was filtered and washed on the 

25 funnel with isopropanol and immediately slurried in 5O0 
mL of distilled water. The mixture was stirred for 1/4 
hour. The polymer slurry was filtered and 500 mL of 
distilled water was added and the mixture was stirred for 
1/4 hour. The water slurry was repeated one more time. 

30 The mixture was filtered and the filter cake was slurried 
three times in 300 mL of methanol each time. Filtration 
and air drying afforded 1.2 6 g of the title co-polymer. 

TMAEMC co-StyF 5 (24%) crosslinked with 4% 
divinylbenzene crosslinking co-monomer and TMAEMC co- 

35 StyF 5 (39%) crosslinked with 4% divinylbenzene 
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crosslinking co-raonomer were prepared in analogous 
fashion by varying the ratio of starting monomers. 

23. Preparation of polWethv leneimine) 
Polyethyleneimine (120 g of a 50% aqueous solution; 

5 scientific Polymer Products) was dissolved in water (250 
mL). Epichlorohydrin (22.1 mL) was added dropwise. The 
solution was heated to 60 °C for 4 h, after which it had 
gelled. The gel was removed, blended with water (1.5 L) 
and the solid was filtered off, rinsed three times with 
10 water (3 L) and twice with isopropanol (3 L) , and the 

resulting gel was dried in a vacuum oven to yield 81.2 g 
of the title polymer. 

24. Preparation of Poly (methacrylamidopropyl-3- 
(trimethylammonium) chloride , co-poly (2- 

15 (trimethylammonium) ethylmethacrylate chloride) 
co-poly 2,3,4,5,6-pentafluorostyrene (MAPTAC 
co-TWAPWC co-StyFgj . 

To a 1000 mL, three-necked flask, round-bottomed 
flask was added the following: (methacrylamidopropyl-3- 

20 (trimethylammonium) chloride (MAPTAC) (10.00 of a 50% 
aqueous solution, 5.00 g) , 2- (trimethylammonium) ethyl 
methacrylate chloride (TMAEMC) (5.71 g of a 70% aqueous 
solution, 4.00 g) , divinylbenzene crosslinking co-monomer 
(1.00 g) , pentafluorostyrene (10.00 g) , 2-propanol (150 

25 mL) , and AIBN (0.50g) . The resulting solution was clear. 
Next, the reaction mixture was heated to 70 °C while being 
degassed with nitrogen. After a short period of time, 
the solution began to turn cloudy, indicating that 
polymerization was proceeding. The reaction was 

30 maintained at 70 °C for 24 hours, and then allowed to cool 
to room temperature. 

The resulting polymer was filtered and washed on the 
funnel with isopropanol and immediately slurried in 500 
mL of methanol. The mixture was stirred for 1/4 hour. 

35 The polymer slurry was filtered and then slurried 3 times 
in 300 mL of water each time. The last time the polymer 
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slurry was blended for 5 minutes. The mixture was 

filtered and the filter cake was slurried two times in 

300 mL of methanol each time. Filtration and vacuum 

drying afforded 9.74 g of co-polymer. 

5 25. Preparation of Poly (trimethylammonium) ethyl 

aery late chloride, co-poly (2- 

( trimethylammonium) ethylmethacrylate chloride) 
co-stvrene (TMAEAC. co-TMAEMC, c o-Stvl 

To a 1000 mL, three-necked flask, round-bottomed 

10 flask was added the following: 2- (trimethylammonium) 

ethyl acrylate chloride (TMAEAC) (6.00 g of a 50% aqueous 
solution, 3.00 g) , 2- (trimethylammonium) ethyl 
methacrylate chloride (TMAEMC) (4.29 g of a 70% aqueous 
solution, 3.00 g) , divinylbenzene crosslinking co-monomer 

15 (1.00 g) , styrene (13.00 g) , 2-propanol (150 mL) , and 
AIBN (0.50g). The resulting solution was clear. Next, 
the reaction mixture was heated to 70 °C while being 
degassed with nitrogen. After a short period of time, 
the solution began to turn cloudy, indicating that 

20 polymerization was proceeding. The reaction was 

maintained at 70 °C for 24 hours, apd then allowed to cool 
to room tempera tur e - 

The resulting polymer was decanted and immediately 
slurried in 500 mL of methanol. The mixture was stirred 

25 for 1/2 hour. The polymer slurry was filtered and 500 mL 
of distilled water was added. The mixture was then 
stirred for 1/2 hour and blended for 10 minutes. The 
mixture was allowed to settle and the water was decanted. 
The water slurry was repeated two more times and the 

30 decantation residue was slurried two times in 400 mL of 
methanol each time, settling and decanting each time. 
Vacuum drying afforded 8.03 g of the title co-polymer. 
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26. Preparation of Poly (methacrylamidopropy 1-3- 
( tr imethy lammonium) chloride , co-poly ( 2 - 
(trimethylammonium) ethylacrylate chloride) co- 
poly 2,3,4, 5, 6-pentaf luorostyrene (MAPTAC co- 

5 TMAEAC co-St Y F 5 j 

To a 1000 mL, three-necked flask, round-bottomed 
flask was added the following: (methacrylamidopropy 1-3- 
(trimethylammonium) chloride (MAPTAC) (8.00 g of a 50% 
aqueous solution, 4.00 g) , 2- (trimethylammonium) ethyl 

10 acrylate chloride (TMAEMA) (6.00 g of a 50% aqueous 

solution, 3.00 g) , divinylbenzene crosslinking co-monomer 
(1.00 g) , pent af luorostyrene (12.00 g) , 2-propanol (150 
mL) , and AIBN (0.50g). The resulting solution was clear. 
Next, the reaction mixture was heated to 70 °C while being 

15 degassed with nitrogen. After a short period of time, 
the solution began to turn cloudy, indicating that 
polymerization was proceeding. The reaction was 
maintained at 70°C for 24 hours, and then allowed to cool 
to room temperature. 

20 The resulting polymer was filtered and washed on the 

funnel with isopropanol and immediately slurried in 400 
mL of methanol. The mixture was stirred for 1/2 hour. 
The polymer slurry was filtered and then slurried 2 times 
in 250 mL of water each time. The last time the polymer 

25 slurry was blended for 5 minutes. The mixture was 

filtered and the filter cake was slurried two times in 
250 mL of methanol each time. Filtration and vacuum 
drying afforded 7.80 g of co-polymer. 

27. Preparation of Poly (trimethylammonium) ethyl 
acrylate chloride, co-poly ( 2- 

( trimethylammonium) ethylmethacrylate chloride) 
co-2 , 3 , 4 , 5 , 6-pentaf luorostyrene (TMAEAC, co- 
TMAEMC. co-StvF 5 ) 

To a 1000 mL, three-necked flask, round-bottomed 
flask was added the following: 2- (trimethylammonium) 
ethyl acrylate chloride (TMAEAC) (6.00 g of a 50% aqueous 
solution, 3.00 g) , 2- (trimethylammonium) ethyl 
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methacrylate chloride (TMAEMC) (4.29 g of a 70% aqueous 
solution, 3.00 g) , divinylbenzene crosslinking co-monomer 
(1.00 g) , pentaf luorostyrene (13.00 g) , 2-propanol (150 
mL) , and AIBN (0.50g). The resulting solution was clear. 
5 Next, the reaction mixture was heated to 70 °C while being 
degassed with nitrogen. After a short period of time, 
the solution began to turn cloudy, indicating that 
polymerization was proceeding. The reaction was 
maintained at 7 0 °C for 24 hours, and then allowed to cool 

10 to room temperature. 

The resulting polymer was decanted and immediately 
slurried in 400 mL of methanol. The mixture was stirred 
for 1/2 hour. The polymer slurry was filtered and then 
slurried two times in 200 mL of water each time. The 

15 second time the polymer slurry was blended for 5 minutes. 
The mixture was filtered and the filter cake was slurried 
two times in 200 mL of methanol each time. Vacuum drying 
afforded 6.87 g of co-polymer. 
Testing of Polymers 

20 A. Preparatio n of Artificial Intestinal Fluid 

Sodium carbonate (1.27g) and sodium chloride (1.87g) 
were dissolved in 400 mL of distilled water. To this 
solution was added a mixture of purif ied bile acids, 
consisting of taurocholic acid (0.138g, 0.24mmol) , 

25 glycocholic acid (0.292g, 0.60mmol), glycodeoxycholic 

acid (0.085mmol, 0.18mmol) and glycochenodeoxycholic acid 
(0.085mmol, 0.18mmol) . The pH of the solution was 
adjusted to 7.20 with acetic acid. This solution was 
used for the testing of the various polymers. The total 

30 bile salt concentration in this solution is 3 millimolar, 
a concentration approximately equal to that found in 
normal physiological solutions in the duodenum. 
Polymers were tested as follows. 

To a 40mL centrifuge tube was added 0.25g of polymer 
35 and 20 mL of the artificial small fluid prepared as 
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described above. The mixture was stirred in a water 
bath maintained at 37 °C for three hours. The mixture was 
then centrifuged and the supernatant liquid, being 
slightly cloudy, was filtered. The filtrate was analyzed 
5 for total 3 -hydroxy steroid content by an enzymatic assay 
using 3a-ydroxy steroid dehydrogenase, as described 
below. 

Enzvmatic Assay for Total Bile Salt Content 
Four stock solutions were prepared. 
10 Solution 1. Tris-HCl buffer, containing 0.133M Tiris, 

0.666mM EDTA at pH 9.5. 

Solution 2. Hydrazine hydrate solution, containing 
1M hydrazine hydrate at pH 9.5. 

Solution 3. NAD+ solution, containing 7mM NAD+ at: pH 

15 7.0. 

Solution 4. HSD solution, containing 2units/mL in 
Tris-HCl buffer (0.03M Tris, ImM EDTA) at pH 7.2. 

To a 3 mL cuvette was added 1.5 mL of Solution 1, 
1.0 mL of Solution 2, 0.3 mL of Solution 3, 0.1 mL of 

20 Solution 4 and 0.1 mL of supernatant/ filtrate from a 

polymer test as described above. The solution was placed 
in a UV-VIS spectrophotometer and the absorbance (O.D.) 
of NADH at 34 0 ran was measured. The bile salt 
concentration was determined from a calibration curve 

25 prepared from dilutions of the artificial intestinal 
fluid prepared as described above. 

All of the polymers previously described were tested 
in the above manner and all were efficacious in removing 
bile salts from the artificial intestinal fluid. 

30 Use 

The polymers according to the invention may be 
administered orally to a patient in a dosage of about l 
mg/kg/day to about 10 g/kg/day; the particular dosage 
will depend on the individual patient (e.g., the 
35 patient's weight and the extent of bile salt removal 
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required) . The polymer may be administrated either in 
hydrated or dehydrated form, and may be flavored if 
necessary to enhance patient acceptability; additional 
ingredients such as artificial coloring agents may be 
5 added as well. 

Examples of suitable forms for administration 
include pills, tablets, capsules, and powders (for 
sprinkling on food) . The pill, tablet, capsule, or 
powder can be coated with a substance capable of 
10 protecting the composition from the gastric acid in the 
patient's stomach for a period of time sufficient to 
allow the composition to pass und is integrated into the 
patient's small intestine. The polymer may be 
administered alone or in combination with a 
15 pharmaceutically acceptable carrier substance, e.g., 
magnesium carbonate, lactose, or a phospholipid with 
which the polymer can form a micelle. 

Other embodiments are within the following claims. 
What is claimed is: 
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1, A method for removing bile salts from a patient 
by ion exchange comprising administering to said patient 
a therapeutically effective amount of one or more highly 
crosslinked polymers characterized by a repeat unit 
5 having the formula 



f. 1 



(i) 



or copolymer thereof, where n is an integer; R 1 is H or a 

O 

Cjl-Cq alkyl group; M is -M-Z-R 2 or -Z-R 2 ; Z is O, NR 3 , S, 
10 or ( CH 2 ) m ; m - 0-10; R 3 is H or a C^-Ce alkyl group; and 
R 2 is 

where p = 0-10 , and each R 4 , R 5 f and R 6 , independently, is 
H, a C X -C B alkyl group, or an aryl group, 
15 said polymers being non-toxic and stable once 

ingested . 

2. The method of claim 1 wherein said polymer is 
crosslinked by means of a multifunctional crosslinking 
co-monomer, said co-monomer being present in an amount 
20 from about 1-25% by weight, based upon total monomer 
weight. 
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3. The method of claim 2 wherein said crosslinking 
co-monomer is present in an amount from about 2.5-20% by 
weight, based upon total monomer weight. 

4. The method of claim 1 wherein said polymer 

5 further comprises one or more hydrophobic co-monomers. 

5. The method of claim 4 wherein said hydrophobic 
co-monomer comprises styrene and fluorinated derivatives 
thereof; vinyl naphthalene and fluorinated derivatives 
thereof; ethyl vinylbenzene and fluorinated derivatives 

10 thereof; N-alkyl and N-aryl derivatives of acrylamide and 
me thacryl amide, and fluorinated derivatives thereof; 
alkyl and aryl acrylates and fluorinated derivatives 
thereof; and alkyl and aryl methacrylates and fluorinated 
derivatives thereof. 

15 6. The method of claim 1 wherein said polymer 

further comprises one or more positively charged co- 
monomers . 

7. The method of claim 6 wherein said positively 
charged co-monomer comprises vinyl pyridine, 

20 dimethylaminomethyl styrene, and vinyl imidazole. 

8. The method of claim 1 wherein said polymer is 
characterized by a repeat unit having the formula 




(2) 



or copolymer thereof. 
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9- The method of claim 8 wherein said polymer 
further comprises , as a co-monomer, n- 
butylmethacrylamide . 

10. The method of claim 8 wherein said polymer 
5 further comprises, as a co-monomer, 

hexaf luorobuty lmethacry late • 

11. The method of claim 8 wherein said polymer 
further comprises, as a co-monomer, 

heptadecaf luorodecy lmethacry late. 

10 12. The method of claim 8 wherein said polymer 

further comprises, as a co-monomer, styrene or a 
fluorinated derivative thereof. 

13. The method of claim 8 wherein said polymer 
further comprises, as a co-monomer, 2 -vinyl naphthalene. 

15 14. The method of claim 8 wherein said polymer 

further comprises, as a co-monomer, 4-vinyl imidazole. 

15. The method of claim 8 wherein said polymer 
further comprises, as a co-monomer, vinyl pyridine. 

16. The method of claim 8 wherein said polymer 
20 further comprises, as a co— monomer, 

tr imethy 1 ammoniume thy lmethacry 1 ate . 

17. The method of claim 16 wherein said polymer 
further comprises, as a co-monomer, styrene or a 
fluorinated derivative thereof. 
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18. The method of claim 8 wherein said polymer 
further comprises, as a co-monomer, 

trimethy lammoniumethy lacry late . 

19. The method of claim 18 wherein said polymer 
5 further comprises, as a co-monomer, styrene or a 

fluorinated derivative thereof. 

20. The method of claim 1 wherein said polymer is 
characterized by a repeat unit having the formula 



10 or copolymer thereof. 

21. The method of claim 20 wherein said polymer 
further comprises, as a co-monomer, isopropy lacry lamide. 

22. The method of claim 20 wherein said polymer 
further comprises, as a co-monomer, styrene or a 

15 fluorinated derivative thereof. 

23. The method of claim 20 wherein said polymer 
further comprises, as a co-monomer 

hexaf luoroisopropylacry late . 

24. The method of claim 20 wherein said polymer 
20 further comprises, as a co-monomer, 

t r imethy 1 ammon iumethy lme thacry lat e . 

25. The method of claim 24 wherein said polymer 
further comprises, as a co-monomer, styrene or a 
fluorinated derivative thereof. 




(3) 
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26. The method of claim 1 wherein said polymer is 
characterized by a repeat unit having the formula 



X 0 -tuOl 



or copolymer thereof. 

5 27. The method of claim 26 wherein said polymer 

further comprises , as a co-monomer, styrene or a 
fluorinated derivative thereof. 

28. The method of claim 1 wherein said polymer is 
characterized by a repeat unit having the formula 

U 

or copolymer thereof. 

29. The method of claim 1 wherein said polymer is 
characterized by a repeat unit having the formula 

Wo 
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or copolymer thereof. 

30. The method of claim 1 wherein said polymer is 
characterized by a repeat unit having the formula 

-eat— cu-4c (7) 

5 or copolymer thereof. 

31. The method of claim 30 wherein said polymer 
further comprises, as a co-monomer, ethyl vinylbenzene. 

32. The method of claim 1 wherein said polymer is 
characterized by a repeat unit having the formula 



or copolymer thereof. 

33. The method of claim of 1 wherein said polymer 
further comprises one or more exchangeable counterions. 

34- The method of claim 33 wherein at least one of 
15 said counterions comprises Cl~, Br - ", CH 3 OS0 3 ", HS0 4 ~, S0 4 2 ~ 
, HC0 3 ", CO3", acetate, lactate, succinate, propionate, 
butyrate, ascorbate, citrate, maleate, folate, an amino 
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acid derivative, a nucleotide, a lipid, or a 
phospholipid. 

35. A therapeutic composition effective for 
removing bile salts by ion exchange comprising a 
5 therapeutic amount of a highly crosslinked polymer 
characterized by a repeat unit having the formula 



or copolymer thereof, where n is an integer; R 1 is H or ^ 



10 C X -C Q alkyl group; M is -C-Z-R 2 or -Z-R 2 ; Z is O, NR 3 , S, 
or (CH 2 ) m ; m = 0-10; R 3 is H or a C X -C B alkyl group; and 
R 2 is 

where p = 0-10, and each R 4 , R 5 , and R 6 , independently, i s 
15 H, a C x -C 8 alkyl group, or an aryl group, 

said polymer being non-toxic and stable once 
ingested. 

36. A highly crosslinked polymer composition 
comprising a polymer characterized by a repeat unit 
20 having the formula 



f=0 (9) 
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where R 1 is H or methyl, Q is -NH-(CH 2 ) 3 - or -0-(CH 2 ) 2 and 
n is an integer, and at least one additional co-monomer 
selected from the group consisting essentially of 
viny lnaphthalene , vinylimidazole, fluorinated derivatives 
5 of styrene, and fluorinated alkyl methacry lates . 

37. The composition of claim 36 wherein R 1 is 
methyl and Q is -NH-(CH 2 ) 3 -. 

38. The composition of claim 37 further comprising, 
as a co-monomer , trimethy lammoniumethylacrylate or 

10 trimethy lammoniumethylmethacrylate . 

39. The composition of claim 36 wherein Q is 
-0-(CH 2 ) 2 . 



40. The composition of claim 36 wherein said 
fluorinated derivative of styrene comprises p- 

15 f luorostyrene and pentaf luorostyrene. 

41. The composition of claim 36 wherein said 
fluorinated alkyl methacrylate comprises hexaf luorobutyl 
methacry late and heptadecaf luorodecyl methacrylate. 

42. A highly crosslinked polymer composition 
20 comprising a polymer characterized by a repeat unit 



having the formula 



(10) 



where R 1 is H or methyl, Q is -NH-(CH 2 ) 3 - or -0-(CH 2 ) 2 and 
n is an integer, and, as additional co-monomers, (a) 
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styrene and (b) trimethylammoniumethylacrylate or 
trimethylammoniumethylmethacrylate when R 1 is methyl and 
Q is -NH-(CH 2 ) 3 -, and 

methylacrylamidopropyltrimethylammonium when R 1 is H or 
5 methyl and Q is -0-(CH 2 ) 2 . 

43. A method of synthesizing a highly crosslinked 
polymer having hydrophilic and hydrophobic units 
comprising reacting hydrophilic and hydrophobic monomers 
in the presence of an alcoholic solvent. 
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